3.1

mr = F(r)

. ' 2
Fd) _dmetr2) o
dt dt dt
gemrlzg mr.2
P d -=F(r)dar b = (r)dr
é 2 = 2
F(r)dr° dw
&nr? 9 T Q
dg -W.=0 b djg -W_.=0
é 2 H r é 2 =
@ 1 o
mr'2 mv?
\ =—©°K b K - W = constant
2 2
" (K-W)
2
K © m;’ WO & (r) >dr
K W
(T-wW)
K W (K-W)



K W
— " (energy) T
"(kineticenergy) W 7 7(work)
3.2
dw= F dr (scalar) [ ]=[Nm]=[joule(J)]
=[kg(m/s’)m]=[kg(m/s)]
(inner product, dot product) AB
A B=[A|B|coxg
A-B=B- A
A-(B+C)=A-B+A-C
A=A i+A/j+Ak ;B=B,i+B,j+B,k
A B=A,B,+A B +A,B,
dW= F dr=FdrcosoF,dr




F=mgk
r=rcoyyi +rsingk;

dr=-rsinqgdqi + rcosg dg k \Q/
|

" (power)
So w _ g xar
Dt Dt
(instantaneous power)
pofm WV - _ 85 ¢y
beopt  dt dt
800kg 18%
18%
1.37 10° Joule 27 m/s (60 mi/h)
X

amv’ 0_ mv’ _ (800kg)(27m/s)?

X"1.3710° | 18% =W = )dg——3
2 5 2 2

x =0.013 gal
60 mi/h 35 mi/gal

(60 mi/h)/(35mi/gal)=12/7 gal/h
1.3 10%j/gal “ 18%  12/7gal /h = 62kW

33 - (Work-Kinetic Energy Theorem)

(K-w)




N\ N\ AN 1 1 1
W = Cr)f Fdr = d F, xdr = Qvf mvdv = meVZ o :Emvfz - Em\/,2
=K; - K, =DK
- (Work-Kinetic Energy Theorem)
Spring-Mass System ( ) o o
F=0 ___/ atlached
e lo spring
F=-kx 2
la}
- | Yo iy
X=-D, vi= U000 000N T
D—x_..
1 X =0, V=7 ©)
2 X%  Ve=0 e
- X IU
_1 - )
X0 9 1 1 1
W, = Fdx=Q; kxdx=- “kx*°,==kD* =K - K, ==nmvZ
=-D 2 2 2
Kk
m
._ k k
X=-—X X(t)=-Dcoswt w=_|—
m m
V(t)=Dwa it
x=0 wt = % +np n
v=t+ Dw
2
X; 2 1 1 1
2 2 2
X¢, =D
v(t)=0 wt=np x== D



another thought!

K K
-D
x=0,v=0
> @
Fed x=-D
v~0 a=0

I:spring-l_ l:ext:O - Fext: 'Fspring: kx

Feu
- D - — 1 2[D 1 2
We<t - Q F@ddX— Q kXdX—EkX 0 —EkD
D Wext
-D x=0 K=W,,
r u(r)

(Potentia Energy) U
( )
34 (Potential Energy and Conservative For ce)

" (conservative force)

O F(r)xdr =&y F(r) xdr
pathl pathl|



O F(r)xdr +QF (r)dr = g (r) xdr =0

pathl pathl| >
r u(r) (potential)
U(r)- U(r) =W, = Fo 2dr =y - Fxdr
du=-F dr
F( ) Fed F
(quasi-static process) ( v~0 a=0) re
W, re (potential energy difference)
Spring-Mass System continue ( )

X X 1 1
W = Q) Fsdxt=- kx‘dx¢:§k>g2 - Ekxf2 =U4(%)- Ug(x;)
1
U4(0)=0 U.(x) :Ekxz
X-0
X1 X( D ) Ky

1 1,

DK = 2mv; - Zm = gy Flx=- (¢ - FdX) =-[U (%) - U(x)] =- DU

2
DK DU=0 DK U)=0 K+U=
(Mechanical Energy)

2 2o = mvg +Zhod
A
K, ZEme +1kx12 lk)é =K;+U,;- U,

.-' i

oy

| mE




W, = (- F,>dr = ) mody =mg(y, - ¥,)
:Ug(yf)_ Ug(y|)

Uy(0)=0 U, (y)=mgy
35 (non-conser vative for ce)
e § F. +—M
Dx Fext Fext Dx I:ext j
] >
| ( Q m
Dx
U(r,)- U(ry) =- ¢ Fodr
(‘512 F xdr u(r)
) & —
Fo 2 '\*
e drto \ x
Sy
)
o). >ar dF J/dt
Eind
= gpE>drt 0
3.6 (Field)



(Conservative Force Field)

[
[ | F
F=F x

F = / ]

@

F=G m G
(b)
F=E q
[ | F(r) - u(r)
U(r)- U, =- (‘5F>¢dr
=- 6 F.dx- 6 F,dy- (‘i F,dz
[ | u(r) - F(r)
i _ U U U 9: — [
du(r) g'ﬂx dx + Ty dy + = dzB F >dr NU (r) >dr
1
| partial x Y,z X
(partial derivative) (U(n)) (NU(r))
(Gradient) N grad
grad =N° T, +lj s
% Ty 1z
\ F(r):_Nu(r):_a?ﬂu(x,y,Z)+jﬂU(x,y,2)+kﬂU(x,y,2)g:_gradU(r)
g ix Ty z ¢
F(r) =-NU (r)



u(r)
F(r)

Constant-U contours

U(x.y)

Xy
Uxy) U(xy)
dr 0
du=0
F(r)>dr =-NU (r)xdr =-dU(r) =0
o F(r) NuU(r)
ar F(r) NU(r)
dr NU(I‘) du
NU(r) Hr)
U(r):-E:U(x,y,z)= < 2
r (x2 +y2 + 22}
NU(r)
R A Tt
—Go, X i+ ~ Y ' - =

= |=

5
2 2, 2Y2 2,2 L ,2)02 I 2 2, S2)02 :__ ?
§( +y? +22) (¢ +y?+2) b eyreat G

37 (Conservation of Mechanical Energy)



( )

(conservative system) -
DK =K - K :WZ(SFXdr:'[U(rf)'u(ri)]:'DU
U DK+DU =0U D(K+U)=0U DE=0

E= K+U (total mechanical energy) DE=0
E (conservation of mechanical energy)
(Pendulum)
‘l.l
y ol o
- 08 ad | \
y,, =-Lcosq, y,=-L © ! ®
! .: T .
E:KA+UA:KB+UB “~ : __f___,,z/
\ 0- mgL cosq, :%mvé - mgL @ g

Vg :JZQL(l- €0sq,)

o V2

aF=TB-m=maT=mTB P Ty =mg +2mg(1- cosq,)
Jt

DK :Wnon +Wcon :Q F>dr +- [U (rf)' U(rl)] :Wnon' DU

U DK+DU =W. .U DE=W,

non non

0.21
mgh+0
0+0
mgdm
\ DK +U)=w._ b d=-"9 -2 _g55m)
mgm 0.21
0.8kg 0.5
50 N/m
1.2m/s

10



3.8

DK =W_ -DUP %mv2 = mgrr|1x+%kx2

%O.Skg X(1.2m/s)? = 0.8kg>9.8m/ s* 0.5x = %SON /mx? b x=0.092

F(r) =-RU () = -g?“u erd, 1 (;’yy’ D4 Ty Z’%

(equilibrium)

L ennard-Jones X
s =0.263nme=151" 10" |

dU (X déss’ asolU_ 61252 -6s°U
0= _ o0 SO B0 g 15 -6 By 4= 0.2050m
dx dxgexe exgg é X X" Q

1
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—a0
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(Conservation of Energy)

Wnon:' I:]Eint D(K+ U+ Eint):O Etot:K+ U+ Eint
(the law of conservation of energy)
DE,.=DK+ DU+ DE;,+[changes in other forms of energy]=0

In an isolated system, energy can be transferred from one type to another, but the total
energy of the system remains constant.

(isolated system)
( )

1905

E, =mc?
419" 10°kg

DE =Dmc® =4.19” 10°kg” (3.00" 10°m/s)* =3.77" 10*°J
_ 3.77° 10%*J
1.00s

Power =3.77 10%°W
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